RF study and simulations of a C-band Barrel Open Cavity (BOC) pulse
















































pared to the 







oad Q and th
luate these p





is paper focuses 
al specifications 
rings were nume
ith an unload Q o
ved theoretically
-band, BOC pul










vity is its 




e made of OF
d on the rese
azing process
of a rather new










on the RF study
are determined. 
rically simulated
f 100000 was ch
. 
se compressor, H
e of the key d
ent, only S
 exist at C-
 upon two h
 by a 3dB hy
ntrary to the 





 started for t
HC is now u
arch of RF c










)1,2)   ZHAO
Physics, Chin
hinese Acad
 of a C-band(57
The main compo












h unload Q, 
and economi
















nents of BOC s
oftware HFSS a






























s of a C
pulse co
利)1   HE 
 of Sciences, 
ce, Beijing 10
lse compressor.
uch as the cavity
nd CST Microw
 energy multiplic
 factor, peak pow
OC theory a
e BOC is com










, the matching w
ave Studio(MW
ation factor of 1
er gain 
nd choice of 
posed of a b
coupling slots







inciple of BOC 
aveguide, the co
S). The "whisper
.99 and a peak p
parameters 
arrel shape o
 and a waveg
cavity. Fig.












Submitted to ‘Chinese Physics C' 
  A fraction of RF power which is magnetically coupled 
from waveguide to cavity though the dozens of coupling 
slots propagates around the cavity as a traveling wave. The 
traveling wave is synchronous with the waveguide. The 
adjacent coupling slots are spaced λg/4 apart, each slot 
radiates a forward wave to the accelerator and a backward 
wave to the klystron. All the forward waves are in phase at 
BOC output and add up, while the backward waves 
experience a cancellation, so that only very little power 
transports back to the klystron. The output of BOC is the 
superposition of the input wave and the emitted wave 
which is radiated from the cavity with a 180° phase 
reversal. BOC stores energy during a large fraction of the 
pulse length, if the incoming RF pulse phase is reversed 
180° at one compressed pulse time, the stored energy is 
released during a much shorter period, and output peak 
power is enhanced at the expense of pulse width[6]. 
  Taking into account the performance and fabrication 
cost of the prototype, TM6,1,1 was chosen as the resonant 
mode with an unload Q factor of 100000. Assuming the 
input RF pulse length is 3μs and the phase is reversed at 
2.67μs, then the relationship between the energy 
multiplication factor and the coupling coefficient is shown 
in Fig. 2. The specifications of the accelerator and the input 
pulse allow a maximum energy multiplication factor of 
1.99 when the coupling coefficient β equals to 4.5. The 
main technical parameters of the designed BOC are listed 
in Table 1. 
 
 
Fig. 2.  Relationship between the energy multiplication 
factor and the coupling coefficient 
Table 1.  Technical specifications of the BOC  
pulse compressor. 






RF input pulse length/μs 
RF compressed pulse length/μs 
Energy multiplication factor(M) 
Peak power gain 











3  RF design and simulations 
 
3.1  Resonant cavity 
  The characteristics of the open cavity are decided by its 
internal geometric dimensions. Being reflected by the 
cavity internal surface repeatedly, the target mode is 
concentrated in the cavity, while many other parasitic 
modes radiate out through the two open ports, the spectrum 
of cavity is quite sparse. The detailed theory of open cavity 
can be found in some references[7-9]. Fig. 3 shows the 
electric energy density distribution of the TM6,1,1 mode, the 
power is concentrated near the curved surface.  
 
 
Fig. 3.  TM6,1,1 mode electric energy density distribution 
on cut planes simulated by CST. 
 
  The "whispering gallery" mode is used in BOC, of 
which the unload Q value is equivalent to a/δ. The 
parameter a is the radius of the cavity median plane and δ 
is the skin depth[7]. In order to obtain a high Q value, the 
surface flatness should be much smaller than the skin depth. 
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The cavity was first designed to resonate at a higher 
frequency (set as 5713MHz) from the target value of 
5712MHz to leave some room for frequency adjustment. 
Table 2 shows the theoretical and calculated value of the 
BOC cavity. Comparison of the HFSS and CST results 
with the theoretical ones are with excellent agreement. 
 
Table 2.  Theoretical and calculated value of BOC cavity. 










3.2  Coupling between the cavity and the waveguide 
  As mentioned in part 2, in order to protect RF source, 
the distance of adjacent slots is chosen as λg /4 to reduce 
the backward wave to the klystron. Due to the resonant 
mode TM6,1,1 in the cavity, 24 identical coupling slots are 
located between the cavity and the waveguide. Phase 
velocities in the waveguide and cavity are matched by 
adjusting the width of the waveguide. 











  (1) 
where w is the width of waveguide, a is the radius of the 
cavity median plane, Δ is the thickness of a slot, λ0 is the 
wavelength of resonant frequency in free space. 
 
 
Fig. 4.  Electric field distribution on a median plane of 
BOC pulse compressor simulated by HFSS. 
  The dimensions of the waveguide were optimized by 
HFSS and then the whole model simulation was carried out. 
The electric field distribution on the median plane of BOC 
pulse compressor is presented in Fig. 4. 
  The coupling coefficient is determined by the size of 
slots and the relationship between the coupling coefficient 
and the radius of the coupling slots is illustrated in Fig.5. 
For the prototype, the radius is chosen as 3.0mm at first 
and then enlarged gradually during measurement. 
 
 
Fig. 5.  Dependence of the coupling coefficient on the 
diameter of the slot 
 
3.3  Tuning 
  Two tuning rings are bulged symmetrical to the median 
plane in the internal surface of the cavity. The resonant 
frequency decreases by cutting the rings. Then, the final 
tuning of the frequency is made later by means of a 
temperature control using a water cooling system during 
the BOC operation. Coarse tuning is realized by 
mechanical cutting, together with temperature control 
system the frequency is adjusted to 5712MHz 
eventually[2]. 
  Fig. 6 shows the relationship between the resonant 
frequency, the unload Q of cavity and the tuning ring 
radius. The dimensions of the tuning ring were optimized 
for achieving a large enough tuning range while not 
affecting the Q-factor of the operating TM6,1,1 mode too 
much. The tuning sensitivity was about 4.4MHz/mm.  
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Fig. 6.  Relationship between the frequency, the unload Q 
and the tuning ring radius simulated by HFSS 
 
4  Conclusions 
 
  The design of a C-band BOC pulse compressor under 
the help of HFSS and MWS software is presented in this 
paper. The BOC prototype is aimed at the research of the 
RF characterizations in low power, and to check the 
reliability of the simulations. The study of high power RF 
electromagnetic effect on the BOC will be carried out later. 
The cooling channels and the fine tuning systems will be 
designed according to the RF-thermal-structural-RF 
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